Background: Fecal microbiota transplantation may contribute to disease remission in ulcerative colitis; however, the factors that determine the effects of treatment remain unknown. The aim of the present study was to prospectively investigate the clinical efficacy of fecal microbiota transplantation in patients with ulcerative colitis and identify the bacterial signatures associated with clinical remission.
Background
Ulcerative colitis (UC) is a chronic and progressive intestinal inflammatory disease that can seriously affect patient quality of life. The main pathogenic mechanism of UC is thought to be aberrant activation of the immune system in response to a change in the gut environment [1] [2] [3] [4] . However, the cause of this pathological immune system activation is not fully understood. In recent years, a growing body of evidence suggests that intestinal microorganisms may play an important role in UC pathogenesis. The species diversity of intestinal flora in patients with UC differs from that of healthy subjects. For example, patients with UC exhibit decreased intestinal populations of members of the phyla Firmicutes and Bacteroidetes, and increased populations of Lactobacillus [5] . In particular, the Desulfovibrio and Clostridium genera have been closely linked to UC [6] . Thus, the development of UC is closely related to changes in the intestinal flora [7] [8] [9] [10] [11] .
Healthy intestinal flora colonizes the intestinal mucosal epithelial cells and enhances the intestinal bio-barrier function [12, 13] . The flora adheres to the surface of the intestinal mucosa to form a chemical barrier against external stimuli, which regulates intestinal immunity. However, once the homeostasis of the intestinal microenvironment is disturbed, patients are susceptible to intestinal diseases.
A range of therapies are used in the treatment of UC, including 5-aminosalicylic acid, hormone therapy, immunosuppressants, biological agents, and surgery. However, these treatments have poor efficacy. Therefore, there is a requirement for new therapeutic strategies for the treatment of UC. Fecal microbiota transplantation (FMT) may be of therapeutic value in patients with UC by contributing to the repopulation of healthy intestinal flora [14] [15] [16] [17] . However, conflicting results have been reported regarding the efficacy of this treatment. This study evaluated clinical efficacy and safety of FMT and analyzed the relationship between UC and intestinal flora. Additionally, the effect of the intestinal flora on the intestinal mucosa was examined.
Methods

Study design
This prospective uncontrolled study was carried out at the Gastroenterology Department of The First Affiliated Hospital of Chengdu Medical College (Chengdu, People's Republic of China). Patients with UC were enrolled between July 2016 and October 2017.
Study population
In this study, 20 patients who met the UC diagnostic criteria were recruited, according to typical clinical, endoscopic, and histopathological findings. A detailed history was taken from each participant, including smoking status, disease duration, medication, and history of previous intestinal surgery.
Inclusion and exclusion criteria
Inclusion criteria were as follows: (1) Subjects voluntarily participated in the trial and signed an informed consent form; (2) Subjects were aged 18 to 75 years, both sexes were included; (3) Subjects met the diagnostic criteria for UC; and (4) Subjects were able to communicate well with the researcher and comply with the test requirements.
Exclusion criteria were as follows: (1) Subjects were pregnant or unable to give informed consent; (2) Subjects had used immunosuppressive agents in the past 6 months; (3) Subjects had suffered of severe immunodeficiency in the previous 6 months; (4) Subjects had taken antibiotics or probiotics within the previous 6 weeks; (5) Subjects had serious complications, such as local stenosis, intestinal obstruction, intestinal perforation, toxic colon expansion, colon cancer, or rectal cancer; (6) UC was accompanied by a primary disease, such as a cardiovascular, cerebrovascular, hepatic, renal, or hematologic disease, or by a mental illness; and (7) The subject's condition was aggravated by cessation of their normal treatment. In these cases, emergency measures were taken, the efficacy could not be judged, or the data were incomplete.
Donor selection
Donated stool for FMT was obtained from four donors, aged between 23 and 27 years. Donors had no diagnosed medical conditions that could be potentially associated with changes in gut microbiota. Donors who had taken antibiotics or probiotics within the previous month were not included for screening. All donors were required to complete a Donor Questionnaire form. In order to prevent transmission of infectious diseases from donor to recipient, all donors underwent stool test screening [(bacterial culture and identification; fecal flora ratio examination; human rotavirus antigen determination; parasite egg detection; microscopy; serologic tests (hepatitis A virus, hepatitis B virus, hepatitis C virus, HIV antibody, syphilis, herpes simplex virus, EB virus); and Cryptosporidium, Cyclospora, and Giardia antigen detection)].
Every donor provided stool samples for five patients. Patients were divided into four groups, and patients from every group received stool samples from the same donor (Table 1) . Clinical efficacy was compared among the four groups (Table 2) . Clinical remission and response rates were calculated for all subjects after treatment.
FMT procedure
Patients received the bowel lavage (polyethylene glycol 4000) for colonoscopy preparation the day before FMT. The median amount of donor feces was calculated (50 g) and used for FMT preparation. Donors were instructed to collect feces in a small container and to bring it to the hospital on the day of the scheduled transplant. A total of 250 mL extracted fecal suspension was prepared with 250 mL 0.9% NaCl using a conventional blender and was divided into 50 mL syringes. Filtered fecal microbiota suspension was administered into a catheter inserted into the duodenum by gastroscopy. After the procedure, the patient was returned to the ward, ensuring that their head stayed in a low position for 60 min. Following FMT, bowel movements were avoided for 0.5 h, food intake was prohibited for 1 h, and physical activity was prohibited for 2 h.
Baseline patients' and healthy donors' characteristics
Patients' and healthy donors' baseline characteristics, including sex, age, height, weight, history of taking medicine before FMT for inflammatory bowel diseases, course of the disease, levels of inflammatory markers [erythrocyte sedimentation rate (ESR) and Creactive protein (CRP)], colonic mucosal score, and Mayo score before FMT, are listed in Table 3 .
Clinical index scores
The clinical symptom scores used to measure the efficacy of FMT were as follows: the diarrhea score, the abdominal pain score, the pus and blood stool score, the Mayo score, the bloody stool score, mucosal manifestation scoring, and colonic mucosal scoring. Diarrhea was evaluated as follows: 0 points, no diarrhea; mild diarrhea (< 4 times/day), 3 points; moderate diarrhea (4-6 times/day), 6 points; severe diarrhea (> 6 times/day), 9 points. Abdominal pain was evaluated as follows: no abdominal pain, 0 points; mild abdominal pain, 3 points; moderate abdominal pain (4-6 times/ day), 6 points; severe abdominal pain, 9 points. Pus and blood in stool were evaluated as follows: no pus and blood in stool, 0 points; mild pus and blood, 3 points; moderate pus and blood, 6 points; severe pus and blood, 9 points.
The Mayo score was used to evaluate the extent of intestinal mucosal lesions in UC. The scoring was as follows: normal stool frequency, 0 points; more than normal stool frequency (1-2 times/day), 1 point; more than normal stool frequency (3-4 times/day), 2 points; very high (more than 5 times/day), 3 points.
Bloody stool was evaluated as follows: no blood in the stool, 0 points; a little blood in the stool, 1 point; obvious bloody stool, 2 points; mostly bloody stool, 3 points. The mucosal manifestation scoring was categorized as follows: normal mucosa, 0 points; mild fragility, 1 point; moderate fragility, 2 points; moderate fragility with exudation, 3 points. The colonic mucosal scoring criteria were as follows: normal intestinal mucosa, 0 points; mucosal congestion and blood vessel blushing, 1 point; mucosal contact bleeding, 2 points; mucosal spontaneous bleeding, 3 points; and mucosal ulcers, 4 points.
Finally, the ESR and CRP levels were used as indicators of inflammatory reactivity. An automatic ESR analyzer was used to detect ESR, and transmitted immunoturbidimetric method was used to determine CRP at the laboratory of the First Affiliated Hospital of Chengdu Medical College.
Intestinal flora analysis
16S ribosomal RNA sequencing (16S rRNA-seq) analysis was performed on the bacterial rRNA from stool of healthy donors and patients with UC before treatment and after the first and second treatment (groups d0, d1, and d2). DNA was first extracted from the stools of healthy donors and patients. DNA pre-amplification and sequencing was carried out by Tianjin Novo Zhiyuan.
First, PCR pre-amplification was conducted to determine whether the samples met the quality control criteria. The DNA primer sequences were 341-F: (5′-CCTACACGACGCTCTTCCGATCTN-3′) and 805-R: (5′-GACTGGAGTTCCTTGGCACCCGAGAATTCCA-3′). Barcode-tagged primers were used to perform PCR amplification of the 16S V3-V4 region. The products were subjected to quality inspection, purification, and library construction. After the alignment, 16S rRNAsequencing was performed on the Illumina Hiseq-PE250 technology sequencing platform, using the double-end sequencing method, resulting in 3,043,659 highquality sequences. Next, the relevant statistical analyses were performed.
16S rRNA-seq analysis
After removal of the chimeras, the filtered highquality sequences were grouped into 8650 operational taxonomic units (OTUs). In all samples, 99.962 and 67.5% of the total sequence were assigned to 14 and 142 genera, respectively. Unclassified bacteria accounted for approximately 0.038% of the total sequence (Tables 4 and 5 ).
Statistical analysis
Measurement indicators are represented as mean and standard deviation, and counting indicators are presented as number and percentage of each category. The intra-group comparison of measurement indicators was performed using paired t-test or a Wilcoxon's signedrank test. The count index was tested using a paired chisquared (χ 2 ) test, and the grade index was tested using a Wilcoxon's signed-rank test. P-values < 0.05 were considered statistically significant.
Results
Patient characteristics
This study included 11 men and 9 women aged from 18 to 73 years. All patients completed five rounds of FMT treatment, once every 3 weeks.
Clinical outcomes
The diarrhea score showed a downward trend after treatment, as shown in Table 6 (3.75 ± 3.49 before treatment; 0.79 ± 1.69 after the fifth treatment). The mean diarrhea score was significantly decreased following five rounds of FMT, as compared to the diarrhea score before treatment. The abdominal pain score also showed a significant downward trend after treatment, as shown in Table 6 (2.55 ± 2.63 before treatment; 1.42 ± 1.54 after the fourth treatment). The bloody stool score also showed a downward trend after treatment, as shown in Table 6 (3.30 ± 2.36 before treatment; 0.79 ± 1.36 after the fifth treatment).
The endoscopic intestinal mucosal score and the Mayo score were used to evaluate the intestinal mucosa and disease activity, respectively, in patients with UC before and after FMT. Post-treatment, the intestinal mucosal score (1.37 ± 0.60) was significantly lower than that at the pretreatment time point (1.80 ± 0.70, p < 0.05). Likewise, the post-treatment Mayo score (3.00 ± 2.00) was significantly lower than the pre-treatment Mayo score (5.00 ± 2.75) ( Table 7 and Fig. 1 ). Compared with pre-treatment, The aspect of the intestinal mucosal under enteroscopy improved and the infiltration of inflammatory cells in the intestinal mucosa decreased after FMT (Fig. 1a and b) .
The erythrocyte sedimentation rate (ESR) and C-reactive protein (CRP) were used as indicators of inflammatory reactivity. These measures did not change significantly following FMT treatment (Table 8) .
Safety evaluation
No patient had serious adverse reactions during the study period and follow-up period. One patient developed skin erythema on the first day after treatment. We consider that it is related to allergic reaction, the erythema disappeared quickly after anti-allergy treatment. Other three patients had mild abdominal distension that resolved without clinical treatment within 24 h.
Analysis results of intestinal flora
Relative abundance of intestinal flora in patients with UC and healthy donors ANOVA and LSD statistical analyses revealed no significant difference in intestinal microbial composition in patients with UC versus healthy donors at all intestinal Fig. 2a) . At the genus level, all samples were dominated by Bacteroides, Prevotella, Ruminococcaceae, and Lachnospiraceae, accounting for 19.5, 14.7, 11.9, and 7.5% of the total sequence reads, respectively. In addition, Enterobacteriaceae, Klebsiella, Roseburia, Clostridiales, Lachnospira, and Blautia were also relatively abundant, accounting for 4.3, 3.4, 2.8, 2.3, 3.0, and 2.1% of the total sequence reads, respectively. The lesser abundant genera include Dorea, Parabacteroides, and Coprococcus, accounting for 1.0, 0.7, and 0.5% of the total sequence reads, respectively (as shown in Fig. 2b ). Although no significant differences in gut microbiota composition were found at the phylum level, a significant change in the composition of the flora was detected in patients with UC compared to healthy donors. We analyzed the composition of intestinal flora before treatment (d0) and after the first (d1) and second (d2) treatments, and found that at the level of the phylum, the proportion of Firmicutes in the d0 stage was higher, accounting for 54.0% of the total sequence reads, which was similar to the proportion of the donor group. The proportion of Firmicutes showed a downward trend after treatment in the group of patients with UC. Bacteroidetes in the donor group accounted for 41.8% in the healthy donor group, and accounted for 30.5, 33.4, and 37.8% in the d0, d1, and d2 groups, respectively. This gradual upward trend indicates that the relative abundance of Bacteroidetes gradually approached that of the donor group after treatment. Furthermore, the relative abundance of Proteus in the d0, d1, and d2 groups was significantly higher than that of the healthy donor group, accounting for 13.5, 15.3, and 16.0%, respectively (as shown in Fig. 2c) . At the genus level, the proportion of Bacteroides in the d0, d1, and d2 groups was 18.9, 15.6, and 20.2%, respectively; being lower than in the healthy donor group. Prevotella proportions in d0, d1, and d2 groups was lower than that of donor group and accounted for 8.6, 14.2, and 14.5% of sequence reads, respectively. Klebsiella abundance in the d0, d1, and d2 groups was 5.6, 5.9, and 1.2%, respectively, while that of the donor group was only 0.2%. In the d0, d1, and d2 groups, Streptococcus accounted for 1.8, 2.4, and 0.4%, respectively, compared to that of the donor group, which was 0.3%. The relative abundance of Streptococcus before treatment was significantly higher than that of the healthy donor group and decreased significantly in the d2 group (as shown in Fig. 2d ).
Venn diagram analysis results
The Venn diagram reflects the overlap between OTU at different treatment stages, with a large number of overlapping OTUs in each treatment stage. A total of 1342 OTUs were found. The most highly contrasting OTU was that between the patient group d0 and the healthy donor group. However, following treatment, there was an increase in the number of overlapping strains and a decrease in the number of unique OTUs between the healthy donor group and d1 and d2 groups (Fig. 3) .
Diversity analysis results of intestinal bacterial populations
Alpha diversity is used to measure the species diversity of a single ecological sample of a community, and is a comprehensive indicator reflecting the richness and uniformity of a population. Alpha diversity accounts for the following factors: observed species index, the Chao I index, and the Shannon index. A dilution curve of goods-coverage reflects whether the sequencing results are an accurate representation of the sample. Figure 4 shows the alpha diversity dilution curve of each sample. The dilution curve of goods-coverage is close to the plateau stage, indicating that the sequencing amount of this test is close to saturation. This indicates that the number of sequencing reads closely reflects the diversity Table 7 Mayo and colonic mucosal scores in ulcerative colitis patients before and after five rounds of FMT ðx ± SD; P < 0.05) After the fifth treatment 1.37 ± 0.60* 3.00 ± 2.00* *P < 0.05, the difference was statistically significant composition of the fecal flora of each sample in this experiment. The sequencing depth is sufficient. Judging by the OTU number, the Shannon index and the Chao I index, the bacterial diversity in the stool samples of patients with UC decreased with the number of treatments. However, this decrease was not statistically significant. The change in the bacterial composition of the stool samples was related to altered bacterial colonization of the intestine (Fig. 4) . Beta diversity reflects the similarity of microbial communities. The bacterial community clustering remained unchanged after FMT in patients with UC (Fig. 5) .
LDA effect size analysis results
LDA Effect Size (LEFSe) is used to analyze species that have significant differences in abundance between groups (biomarkers). As shown in Fig. 6 , a total of 58 significantly different genera were identified between the donor healthy group and the group of patients with UC by LEFSe. Among them, the intestinal bacterial populations of the healthy donor group were dominated by Lachnospiraceae, Ruminococcus, Parabacteroides, Sutterella, and Akkermansia, and After the fifth treatment 11.63 ± 10.71 1.73 ± 2.14 that of the patients in group d0 was dominated by Klebsiella, Megamonas, Erysipelotrichaceae, Epulopiscium, and Dorea. The intestinal bacterial populations of group d1 were dominated by Phascolarctobacterium, Proteus, and Lactobacillus, and that of the group d2 was dominated by Clostridiaceae (Fig. 6 ).
Discussion
This study compared changes in abdominal pain scores, diarrhea scores, bloody stool scores, endoscopic intestinal mucosal score, and Mayo scores before and after FMT treatment in patients with UC and evaluated the clinical efficacy of FMT in the treatment of UC. The results showed that the patients' abdominal pain score, diarrhea score, bloody stool score, intestinal mucosal lesion, and Mayo score significantly decreased after treatment. This is consistent with previous research results [18] . However, CRP level and ESR did not significantly change following FMT treatment. This suggests that FMT can improve the clinical symptoms and mucosal lesions, reduce disease activity, and slightly reduce the disease inflammatory response in patients with UC.
The earliest application of FMT for the treatment of UC was attempted in 1988, and showed that patients' UC symptoms significantly improved [19] . Brandt et al. [20] followed up 6 patients with UC after FMT treatment and also found that their symptoms were alleviated. Kump et al. [21] found that FMT improves the clinical symptoms of patients with UC by regulating intestinal flora. Our results also showed that FMT improves abdominal and bowel discomfort symptoms in patients with UC.
The intestinal microenvironment plays an important role in maintaining the intestinal mucosal immunity and regulating the intestinal function. Here, we found that in both patients with UC and healthy donors, intestinal flora was mainly composed of Bacteroidetes, Firmicutes, and Proteobacteria. However, the ratio of Bacteroides to Proteobacteria was significantly different between patients with UC and healthy donors, which is consistent with the findings of previous reports [22] .
At the genus level, the relative abundance of Prevotella before treatment was lower than that of the donor group. The relative abundance of Klebsiella and Streptococcus was higher than that of the donor group. After treatment, the relative abundance of these three genera gradually became similar to that of the health donors. Therefore, the decrease of Prevotella, and the increase of Klebsiella and Streptococcus proportions may be important factors leading to the onset of UC.
Indeed, LEfSe analysis indicated that there was a difference in the intestinal flora between donor and patients. Samples from the d0 group of patients with UC were dominated by Klebsiella, Megamonas, Erysipelotrichaceae, Epulopiscium, and Dorea. These genera may be related to the pathogenesis of UC, and this information may therefore be of clinical value for improving the diagnosis of UC.
OTU-based Venn diagram analysis and found that the number of overlapping OTUs between patients with UC in different treatment stages and donor groups increased gradually, indicating a gradual return of the patient intestinal flora to the healthy state. Furthermore, the number of non-overlapping OTUs gradually decreased. This indicates that FMT can, to a certain extent, correct UC-associated dysbiosis. Due to the clinical efficacy of FMT treatment, it can be speculated that these dominant bacteria may improve the symptoms of patients with UC, but this hypothesis requires further verification.
Our findings showed that FMT is a safe and effective treatment for UC. After transplantation, the symptoms of diarrhea, abdominal pain, and bloody stools improved. Intestinal mucosal lesions improved, and the Mayo score decreased. Furthermore, we have shown that FMT can regulate intestinal flora. Therefore, FMT can be used as a novel therapy for the treatment of UC. However, if used widely in a clinical setting, the FMT procedure must be standardized (e.g., donor selection, stool preparation, delivery route, and dosing). Therefore, there is a requirement for further evidence from long-term and randomized controlled clinical studies examining donor and recipient microbiota composition. Our study has some limitations. First, the number of patients that we have recruit is not too much;Second, the study performed in a single institution,this may limite the Diversity of study. So, other more perfect study is necessary in the futuer.
Conclusion
Fecal microbiota transplantation improves symptoms in patients with UC through changing the abundance of bacterial flora. This study provides a valuable treatment modality for UC. 
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